Objectives: The purpose of this study was to estimate the amount of absorbed mercury (Hg) by mothers and their infants as a result of fish consumption during pregnancy. Materials and Methods: The cohort consisted of 313 mother-infant pairs recruited initially from ambulatory prenatal clinics in the first and second trimesters of pregnancy. The customary pattern of fish consumption during pregnancy reported by mothers was correlated with Hg levels in cord and maternal blood at delivery. Blood Hg level was measured using atomic absorption spectrometry. Results: The mean Hg concentration in cord blood was markedly higher than in maternal blood at delivery (1.09 μg/L; 95%CI: 1.00-1.13 μg/L vs. 0.83 μg/L; 95%CI: 0.76-0.91 μg/L). There was significant correlation (r S = 0.62, 95%CI: 0.55-0.69) between Hg levels in cord and maternal blood. The overall ratio of Hg in cord blood vs. maternal blood was 1.7 (95%C: 1.50-1.89). Fish consumed during the last pregnancy trimester correlated stronger with umbilical cord Hg concentrations (r S = 0.32; 95%CI: 0.22-0.40) than with Hg in maternal blood (r S = 0.23; 95%CI: 0.14-0.33). Conclusions: The study shows that in Poland, babies are exposed to moderate levels of mercury prior to birth and that fish eating in pregnancy significantly contributes to prenatal Hg exposure. The findings also suggest that the level of cord blood Hg should not be used for describing inter-individual differences in maternal exposure to Hg compounds unless a proper correction factor is introduced.
INTRODUCTION
It is generally believed that fish intake during pregnancy has the favorable effect on fetal development because it is a rich source of iron and long chain unsaturated fatty acids, which are essential for healthy development and function of the nervous system. Some studies have provided evidence that fish oil supplementation of the infant formula may improve infant growth and cognitive development [1, 2] . However, the issue is debatable because fish consumption during pregnancy may be implicated in adverse effects on children's cognitive development. This danger results from the fact that fish is a common source of methylmercury (MeHg), which absorbed by mother easily crosses the placenta and accumulates in the fetus at higher concentrations than in mothers [3] [4] [5] [6] . The importance of prenatal mercury (Hg) exposure for children's neurodevelopment has been studied extensively after poisoning disasters in Japan and Iraq [7] [8] [9] and analyzed in the course of epidemiological studies in populations consuming large quantities of fish [10] [11] [12] [13] . Until now environmental studies on fish-related prenatal exposure to mercury have not been performed in the countries of central and eastern Europe, and the study was undertaken to describe the usual fish consumption pattern during pregnancy and to estimate a possible amount of absorbed mercury by mothers and their infants in Poland.
MATERIALS AND METHODS

Study subjects
The cohort consisted of 313 mother-infant pairs recruited from ambulatory prenatal clinics in the first and second trimesters of pregnancy. The enrolment included only non-smoking women with singleton pregnancies, aged 18-35 years, free from chronic diseases, such as diabetes and hypertension. Upon enrolment, a detailed questionnaire was administered to each woman to elicit information on demographic data, medical and reproductive history, occupational exposures, alcohol consumption, and smoking practices of others present in the home. Maternal fish intake during various trimesters of pregnancy and in the last two weeks before the delivery was assessed by the food frequency questionnaire completed by trained interviewers twice in the gestation period. The detailed information on eating frequency of smoked, fried, roasted and grilled fish servings have been collected. To estimate the amount of fish eaten per week we assumed that each fish meal averaged 150 g. Table 1 presents characteristics of the study population sub-grouped subsequently by the reported fish consumption in the last pregnancy trimester. Based on the amount of various fish servings (smoked, fried, roasted, and grilled) consumed in the third trimester of pregnancy, the women were divided into two subgroups. We assigned women who reported lower fish consumption (equal or less than 33 150 g/week) to the lower exposed (LE) subgroup and those who consumed more (>150 g/week) to the higher exposed (HE) subgroup.
Blood sample collection and analysis
Cord blood and maternal blood samples were drawn at delivery into evacuated blood collection tubes that had been treated with ethylene diamine tetra-acetate (EDTA). Then the tubes were inverted several times to mix EDTA and blood to prevent coagulation. The blood for Hg analysis was refrigerated without any processing. Mercury level was measured at the Centers for Disease Control (CDC), Atlanta, GA, USA, by Zeeman graphite furnace atomic absorption spectrometry, using a phosphate/Triton X-100/ nitric acid matrix modifier. The CDC, using cold vapor atomic spectrometry following chemical reduction of Hg compounds, measures total mercury in whole blood.
Statistical analysis
In the descriptive analysis, the distribution of various characteristics of women under study in terms of the Hg exposure level has been considered. The Chi-square statistics (nominal variables) and analysis of variance (numerical variables) tested differences between subgroups with lower and higher fish intake. The relationship between the fish consumption pattern and Hg level in cord and maternal blood was measured using the Spearman correlation coefficient and linear multivariate regression. All statistical analyses were performed with STATA release 9 [14, 15] .
RESULTS
The women with higher fish consumption were slightly older than those consuming less fish (28.2 vs. 27.5). There was a significantly higher Hg content in the maternal and cord blood in the more exposed subgroup. In the total study group, there was 87% of women who confirmed consumption of various amounts of fish during pregnancy. Mean amount of fish intake (g/week) was much lower in the last two weeks of pregnancy (mean = 75. The distribution of blood Hg levels in newborns and their mothers was skew to the right (Fig. 1) . Among the newborns, the mean Hg concentration was markedly higher than in mothers at delivery (1.09 μg/L; 95%CI: 1.00-1.13 vs. 0.83 μg/L; 95%CI: 0.76-0.91). There was significant correlation (r S = 0.62, 95%CI: 0.55-0.69) between Hg levels in maternal blood and cord blood. Figure 2 shows the plotting of Hg concentrations in maternal blood against those in the umbilical cord. The overall ratio of Hg concentration in cord blood vs. maternal blood was 1.7 (95%CI: 1.50-1.89). Figure 3 presents the scatter plot with regression line and 95% prediction intervals for fish consumption and cord blood Hg concentrations. One can estimate that up to 10% of variability (95%CI: 5.0-16.2) in cord blood Hg may be explained by the amount of fish consumption in the third pregnancy trimester. The corresponding estimates of variability in maternal blood Hg explained by fish consumption would amount to 5.3% (95%CI: 2.0-10.9). Table 2 presents the correlation coefficients between the Hg level in cord and maternal blood at delivery and the mean weekly fish intake (g/week) of different types of fish servings in various trimesters of pregnancy. The total amount of fish intake in the last trimester of pregnancy correlated better with cord blood Hg (r S = 0.32) than with maternal blood Hg at delivery (r S = 0.25). The corresponding correlation coefficients for the first two pregnancy trimesters were r S = 0.24 and r S = 0.11.
DISCUSSION
On the basis of our study we can claim that fish consumption (g/week) in Poland is rather moderate and amounts to 140 g/week on average in the first two trimesters and to about 180 g/week in the third trimester. As expected, intake of fish drops by about 50% at the end of pregnancy relative to its average, individual consumption throughout pregnancy. About 90% of newborns showed Hg concentration below 2 μg/L, while 90% of mothers showed blood Hg level below 1.6 μg/L. Similar results on Hg levels in cord and maternal blood were reported from communities in Sweden [16, 17] . In 2001, the CDC reported Hg levels in blood in a representative sample of the US population [18] . The geometric mean blood Hg levels were 0.3 μg/L for children 1-5 years old and 1.2 μg/L for women 16-49 years old. Neither Hg level in maternal blood (0.83 μg/L) nor cord blood Hg concentrations (1.09 μg/L) observed in our study were high, considering that cord blood Hg level above 5.8 μg/L is assumed to be associated with loss of IQ in prenatally exposed children [19] . Methylmercury concentration in scalp hair during pregnancy is considered a reliable indicator for predicting the probability of psychomotor retardation in the child. The US Environemntal Protecton Agency (EPA) has established the reference dose of 1.0 mg total Hg/kg/ dry weight in hair as indicative of mercury exposure and at this level, women of child-bearing 35 age are advised to stop consumption of fish that may have elevated Hg levels [20] . The mentioned criteria should be considered as preliminary until additional information can be obtained from cohort studies actually in progress. Our analysis has recently shown the increased prevalence of delayed cognitive and psychomotor functions in oneyear-old infants who had much lower Hg content in cord blood [21] . However, the risks of exposure to MeHg from fish have to be balanced with health benefits of fish eating. Fish is a source of high-quality protein as well as of unsaturated fatty acids and other beneficial nutrients. Like in other studies, we found the significant relationship between fish intake and mercury concentration in cord and maternal blood at delivery. In our study, the maternal blood Hg level was higher by 0.30 μg/L on average among fish eaters compared to those who denied fish consumption in pregnancy (0.88 μg/L vs. 0.58 μg/L). We also found much higher cord blood Hg level (by 0.46 μg/L) in newborns born to fish eaters compared to non-eaters (1.12 μg/L vs. 0.66 μg/L). Using linear regression models, we estimated that in the total study group, the cord blood mercury level increased by 0.14 μg/L on average with each 100 g of fish intake/week during pregnancy, and only by 0.09 μg/L in maternal blood. We also estimated that the fish consumption in pregnancy accounts for 10% of variability in cord blood Hg level. Therefore, up to 90% of variability in cord blood Hg concentrations results from other sources of exposure, which may among others be dental amalgam fillings in mothers. Health effects of Hg amalgam fillings (containing 50% of Hg), producing higher mercury level in maternal and cord blood or placenta, have been a matter of concern for years [22] [23] [24] [25] . Another source of Hg exposure may be the use of skin-lightening creams and teething powders in pregnancy [26] . A good portion of variability in blood Hg levels at delivery may be explained, however, by the influence of maternal blood MeHg even before pregnancy [27] [28] [29] . We confirmed the higher ratio of Hg concentrations in cord blood compared to that found in maternal blood. The explanation of these findings is not straightforward. The described differences could not result from the laboratory bias since maternal and cord blood samples were collected, stored and analyzed in the same manner by the same laboratory, and the samples were blinded for the lab personnel. Other reports from various populations also indicated that the gradient of mercury between cord and maternal blood at the time of delivery was greater than 1.0 [30] [31] [32] [33] . In our study, the median ratio of Hg levels in cord blood and maternal blood was 1.7 (95%CI: 1.50-1.89), and our estimates were very close to those published by EPA in 2003, which have been based on a comprehensive review of 21 studies worldwide [34] . A significantly lower Hg concentration in maternal blood at delivery should be taken into consideration if the exposure assessment risk analysis for population at large is to be based on maternal blood data at delivery. The increased Hg concentrations in cord blood relative to maternal blood is usually attributed to the binding of MeHg to fetal hemoglobin. A higher concentration of MeHg in the cord blood may also result from a larger hematocrit and a higher hemoglobin concentration in newborns. Fetal-specific serum albumin proteins, such as alpha-fetoprotein may also lead to greater inherent affinity of fetal blood for MeHg compared with maternal blood [35] . To date however, the different binding of MeHg to fetal and adult proteins does not appear to have been investigated.
CONCLUSIONS
Our study shows that babies in Poland are exposed to moderate levels of mercury prior to birth. Although the fish-eating pattern was found to be significantly related to both maternal and cord blood levels, only about 10% of variability in cord blood Hg level was explained by this factor. The findings also suggest that the level of cord blood mercury should not be used for describing the inter-individual differences in maternal exposure to Hg compounds unless a proper correction factor is introduced. 
